Abstract. Leptospirosis is a zoonotic disease caused by the pathogenic species of Leptospira. The initial symptoms include fever, myalgia, nausea, skin rash, chills, and headache, which can be misdiagnosed. LipL32 is the highly conserved and abundant outer membrane protein (OMP) of Leptospira, which is used as an antigen in serodiagnostic assays. We used three in silico methods to predict the immunodominant regions in the full-length LipL32 protein. We identified three regions, namely the N-terminus (NrLipL32, amino acid sequence 20 regions. The full-length protein and two larger fragments were cloned into the pET22b plasmid and expressed in Escherichia coli BL21 (DE3). The purified proteins were used as antigens in an ELISA to detect Leptospira-specific antibodies. The CrLipL32 ELISA showed the highest sensitivity for IgM (73.3%) and IgG (65%), followed by the full-length rLipL32 ELISA (IgM 68% and IgG 60%). The full-length rLipL32 ELISA showed high specificity (IgM 85% and IgG 75%), followed by the NrLipL32 ELISA (IgM 75% and IgG 60%). The intermediate fragment showed very low sensitivity (IgM 17% and IgG 2%). The sensitivity of the rLipL32 ELISA could be enhanced by adding other OMPs of Leptospira.
Determination of the immunogenic region in the LipL32 protein of Leptospira
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INTRODUCTION
Leptospirosis is a zoonotic disease of global importance. It is caused by the pathogenic species of Leptospira (Levett, 2001) . The initial symptoms of leptospirosis include fever, myalgia, nausea, skin rash, chills, and headache, which can be misdiagnosed for other acute febrile diseases, such as dengue fever, malaria, melioidosis, and others (Dutta and Christopher, 2005) . Currently, the gold standard for diagnosing leptospirosis is the microscopic agglutination test (MAT), which causes the agglutination of antibodies in suspected serum samples when mixed with a * Author for correspondence: Daisy Vanitha John, Biotechnology Research Institute, University Malaysia Sabah, Kota Kinabalu, Sabah, Malaysia. Email -daisyvanitha@gmail.com panel of live strains of Leptospira obtained from locally isolated serovars. However, the MAT assay is quite laborious and hazardous, since live pathogenic strains of Leptospira need to be maintained in the laboratory (Pappas et al., 1985) . Serological tests, for example, ELISA, have been used to detect the presence of Leptospira-specific antibodies that are produced after five to seven days of infection (Chapman et al., 1991) . The outer membrane proteins (OMPs) of Leptospira, such as LipL32, LipL41, and LigA, have been used as antigens in serodiagnostic assays (Shang et al., 1996; Flannery et al., 2001; Palaniappan et al., 2002) . Among these OMPs, LipL32 has been reported to be the most suitable antigen for diagnosing leptospirosis, since it is highly conserved and found abundantly in the pathogenic Leptospira OMP profile (Haake et al., 2000) . A truncated LipL32 (tLipL32) that was designed for stability, which contains the major epitopes expressed in Escherichia coli and Pichia pastoris, was able to differentiate experimentally infected laboratory rat sera and field rat sera, respectively, from control rat sera in ELISA, indicating that tLipL32 is applicable as a serodiagnostic antigen (Shiokawa et al., 2016) . Three amino-terminal peptides of the BBK07 protein of Borrelia burgdorferi were shown to be superior when compared to the full-length BBK07 protein in terms of the serodiagnosis of Lyme disease by ELISA, since it was possible to detect specific antibodies generated during the early stages of the disease (Coleman et al., 2011) . Previously, the antigenic regions in the OMPs of Leptospira, for example, LigA and LipL21, were determined using either a bioinformatic analysis or randomly selected peptides obtained from libraries (Tungtrakanpoung et al., 2006; Wiwanitkit, 2007; Lin et al., 2008) . Furthermore, Lottersberger et al. (2009) determined the antigenic regions of LipL32 using peptide arrays. Bioinformatic algorithms have been used to predict the number of possible epitopes within an immunogenic region of an antigen in order to lessen the required experimental efforts. Hopp and Woods' (1981) hydrophilicity scale hypothesizes that the antigenic determinants are located on the hydrophilic site, while the nonantigenic determinants are shielded and located on the hydrophobic region. Several other algorithms can be used to predict epitopes based on different chemical and physical properties of amino acids, including solvent accessibility, secondary structure, antigenicity, flexibility, etc. (Garnier et al., 1978; Kyte and Doolittle, 1982; Eisenberg et al., 1984; Karplus and Schulz, 1985; Welling et al., 1985; Jameson and Wolf, 1988; Pellequer et al., 1993) . In this study, the immunogenic regions of LipL32 were predicted using three in silico algorithms. The fragments were cloned and produced in E. coli. The purified proteins were tested in ELISA using MATpositive and MAT-negative serum samples to determine the immunodominant region that is most suitable for serodiagnostic assays.
MATERIALS AND METHODS
Clinical samples and preparation of the rLipl32 protein. The human serum samples (60 MAT-positive and 40 MAT-negative tested against L. interrogans) used in this study were provided by the Kota Kinabalu Public Health Laboratory, Sabah, Malaysia. All the serum samples were stored at -20°C until they were tested. The study was approved by the Medical Research and Ethical Committee, Ministry of Health Malaysia (study number NMRR-13-677-15713). A detailed protocol for the production of synthetic recombinant LipL32 protein was previously described (Yaacob et al., 2017) .
Determination of the LipL32 antigenic regions using in silico methods and preparation of the LipL32 fragments. The amino acid sequence of the full-length LipL32 (accession number ACZ73827.1) retrieved from the National Center for Biotechnology Information (NCBI) database was analyzed for possible antigenic regions using bioinformatic algorithms available in ProtScale (Gasteiger et al., 2005) . The three bioinformatic algorithms used were Kyte and Doolittle's hydrophobicity scale, the propensity, and the recognition factor (Kyte and Doolittle, 1982; Kolaskar and Tongaonkar, 1990; Fraga, 1982) . The overlapping regions that correspond to the predictions were divided into three fragments, namely the N-terminus regions. The N-and C-terminal region sequences were sub-cloned into expression vectors by Shanghai ShineGene Molecular Biotech Inc. The proteins were expressed in E. coli and then purified using affinity chromatography by Kinabalu Adventure Supply, Sabah, Malaysia. The full-length rLipL32 and the two protein fragments were analyzed using 15% SDS-PAGE, and the bands were sent for LC/MS/MS analysis (First BASE Laboratories Sdn Bhd Determination of the immunodominant region in LipL32 by ELISA. Optimized amount of purified rLipL32 (0.25 μg/50 µl well), NrLipL32 (0.5 μg/50 µl well), CrLipL32 (0.5 μg/50 µl well), and the intermediate LipL32 fragment (0.125 μg/50 µl well) were used to coat 96-well MaxiSorp immunoassay plates (Nunc, Denmark), and the ELISA was performed as previously described (Yaacob et al., 2017) . In order to determine the concentrations of antibodies in the serum samples, a standard curve was obtained using human IgM and IgG (25-0.0488 ng/ml). Positive and negative controls were included in each assay. A serum sample was considered to be positive when the concentration of Leptospira-specific antibody was two-fold higher than that of the negative control. The sensitivity and specificity of the ELISA for the detection of Leptospira-specific IgM and IgG were calculated using the MAT as the gold standard. The performance of the rLipL32-based ELISA was assessed by participation in an external quality control program, namely the Royal College of Pathologists of Australasia Quality Assurance Programs (RCPAQAP). Four samples were received and tested at two separate time points in ELISA.
RESULTS
Recombinant LipL32 (rLipL32) ELISA is able to detect Leptospira-specific antibodies.
The SDS-PAGE analysis of the full-length rLipL32 expressed in E.coli showed that it had a molecular mass of approximately 35 kDa. The LC/MS/MS result revealed that rLipL32 expressed is from the OMP of the pathogenic Leptospira (Supplementary Data). The comparison of the MAT and the full-length rLipL32 ELISA is shown in Figure 1 . Of the 60 MAT-positive serum samples, 41 (68%) samples tested positive for Leptospira-specific IgM (> 1.0 ng/ml), while 19 samples (32%) tested negative (<0.9 ng/ml) according to the ELISA. Thirty-six samples (60%) tested positive for Leptospira-specific IgG (>1.0 ng/ml) and 24 samples (40%) tested negative (<0.9 ng/ml). Among the 40 MAT-negative samples, Leptospira-specific IgM was absent from 34 samples (85%, <0.9 ng/mL), while six samples (15%) tested positive, with the amount of IgM antibodies in those samples ranging from 2.7 to 5.9 ng/ml. Thirty samples (75%) also tested negative for Leptospira-specific IgG (< 1.0 ng/ml), while ten samples (25%) tested positive according to the ELISA, with the amount of IgG antibodies in those samples ranging from 1.7 to 6.4 ng/ml. The ELISA using the rLipL32 antigen was able to correctly detect the presence of Leptospira-specific IgM and IgG in two samples, as well as their absence from the two samples obtained from the RCPAQAP, with a score of 100%. 
Three antigenic regions in Leptospira LipL32
were predicted using in silico methods. The possible antigenic regions in full-length LipL32 were predicted using Kyte and Doolittle's hydrophobicity scale, the recognition factor, and the propensity (Fraga, 1982; Kyte and Doolittle, 1982; Kolaskar and Tongaonkar, 1990 Figure 2 . In the LC/MS/MS analysis, the sequences of these two fragments exhibited a high score, which confirmed that they are part of the Leptospira LipL32 OMP (Supplementary Data). Table 1 shows the presence of Leptospira-specific antibodies in the human serum samples, as determined by ELISA using the fulllength rLipL32 protein and its three fragments as antigens in MAT-positive and MAT-negative serum samples, as well as their sensitivity and specificity. Of the 60 MAT-positive samples, CrLipL32 detected the highest number of samples that tested positive for both IgM (44 samples, 73%) and IgG (39 samples, 65%), followed by the full-length rLipL32 (IgM: 41 samples, 68%; IgG: 36 samples, 60%) and NrLipL32 (IgM: 31 samples, 52%; IgG: 28 samples, 47%). Only very few samples tested positive when the intermediate fragment was used (IgM: ten samples, 16%; IgG: one sample, 2%). Among the 40 MAT-negative serum samples, the full-length rLipL32 showed the highest number of samples that tested negative for IgM (34 samples, 85%) and IgG (30 samples, 75%), followed by the NrLipL32 (IgM: 30 samples, 75%; IgG: 24 samples, 60%) and CrLipL32 (IgM: 23 samples, 58%; IgG: 20 samples, 50%). Although the intermediate fragment showed a high number of negative results for both IgM (33 samples) and IgG (40 samples), such a finding could not be considered valid because the fragment showed very low sensitivity in relation to the MAT-positive serum samples. The ELISA using the NrLipL32 gave a score of 100% for RCPAQAP program samples while the CrLipL32 failed to detect one positive sample.
DISCUSSION
The identification of new immunodominant antigens of LipL32 could serve to improve the current laboratory diagnosis of leptospirosis. In this study, the possible antigenic regions of LipL32 were identified using in silico prediction methods and then tested with an ELISA to determine the most immunodominant fragment of LipL32 for serodiagnostic assays. Kyte and Doolittle's (1982) hydrophilicity scale predicts that the antigenic regions are located at the hydrophilic site of a protein with negative values, while hydrophobic sites contain non-antigenic regions with positive values. The recognition factor predicts the antigenic regions based on the energy binding of an amino acid. Amino acids with low binding energy will interact less with other amino acids and thus binding is specific. Regions that contain these amino acid sequences are likely to be possible antigenic regions (Fraga, 1982) . The propensity scale determines the antigenic regions based on the occurrence of an amino acid within a given number of epitopes. The higher the number of occurrences, the higher the likelihood of an amino acid being associated with the antigenic region, and there were eight such antigenic regions in LipL32 (Kolaskar and Tongaonkar, 1990) . ) of the LipL32 as the primary immunological target, and the IgM response against this subfragment was detected in both acute-and convalescent-phase serum samples. Since reactivity against the C-terminus region can be detected earlier in the course of infection, this region can be utilized in serodiagnostic assays for the early detection of leptospirosis (Hauk et al., 2008; Lottersberger et al., 2009) . The positive IgM and IgG ELISA results obtained for the MATnegative samples using the CrLipL32 indicate that this antigen is able to detect sub-surface nonagglutinating antibodies that could otherwise have been missed by the MAT (Chapman et al., 1991) . However, the cross-reactivity of this antigen needs to be confirmed using serum samples obtained from healthy controls from a nonendemic region or by performing polymerase chain reaction (PCR) during the first few days of infection whenever possible. The NrLipL32 ELISA showed only moderate sensitivity for both IgM and IgG, while no reactivity on the part of this region (amino acid sequence 21 st -92 nd ) was reported by Hauk et al. (2008) . The intermediate fragment showed the lowest sensitivity for IgM and IgG among all the fragments; hence, this region may not be immunogenic. Although the full-length rLipL32 showed low sensitivity when compared to the CrLipL32, it showed less nonspecific binding in the MAT-negative samples, which suggests that this antigen is ideal for serodiagnosis at the present moment. Previous studies have reported higher sensitivity (90-95%) and specificity (83-90%) for this antigen in ELISA (Sun et al., 2011; Chen et al., 2013; Vedhagiri et al., 2013; Alizadeh et al., 2014; Chandy et al., 2017) . In addition, the intact LipL32 showed higher sensitivity in detecting IgG response compared to C-terminus (100% vs 42%) both in the acute and convalescent serum samples of laboratory confirmed cases of leptospirosis (Hauk et al., 2008) . A discrepancy between the MAT and ELISA results was observed in this study. Only relatively little correlation between the MAT and enzyme immunoassays (EIA) was previously reported, particularly when the serum samples were obtained a few days after the onset of symptoms. During this period, there was no corresponding MAT titer against the infecting serovar, while the serum samples tested positive for IgM and IgG in the enzyme assays (Chapman et al., 1991) . Since the MAT assay does not distinguish between IgM and IgG, it may not be an ideal method of comparison, particularly with regard to the IgM response. The recombinant rLipL32 ELISA was able to correctly identify the negative samples obtained from the RCPAQAP program, which shows that the assay is specific for the detection of Leptospira-specific antibodies. The assay was also able to correctly identify positive samples with a greater degree of accuracy, which demonstrates that the assay is sensitive in detecting Leptospira-specific antibodies in serum samples.
CONCLUSION
Of the three fragments of rLipL32 tested, the CrLipL32 had the highest sensitivity for both IgM and IgG in terms of detecting Leptospira-specific antibodies, which shows that it is the most immunogenic region in the LipL32 protein. It can hence be utilized in serodiagnostic assays for the early detection of leptospirosis. The full-length rLipL32 ELISA showed moderate sensitivity and high specificity for the detection of both IgM and IgG. The addition of other OMPs, for example, LipL41 and LigA, to this recombinant antigen might improve the sensitivity of the ELISA assay (Wiwanitkit et al., 2007; Lin et al., 2008) .
